................ 14 JUL 2005 BONDI NG TOOL W TH POLYMER COATI NG FI ELD OF THE
| NVENTI ON This invention generally relates to bonding tools used for fine
wire bonding, and nore particularly to a capillary bonding tool ha¥knylL 2005
pol ymer coating di sposed over the surface of the capillary. 5 BACKGROUND OF
THE I NVENTION Wre bonding is, at this tinme, the dom nant net hod used for
the i nterconnection of sem conductor-based devices. In the wire bonding

i ndustry, tool failure leads to the destnuction of the sem conductor device
bei ng i nterconnected, which can significantly | oner yields. To prevent tool
failures, tools are exchanged re ar | rior to the predicted tinme of
failure. 10 The wire bondBa q@% 1T, Iﬁ@GEB§KPﬁED«brocess W ndow, '
which is the range of paraneters that t he bondi ng nmachine is quallfled to
operate within. To maintain bon&nﬂﬂépfﬂyﬂinﬁﬂﬁﬂgpgbnts nust be made to the
bondi ng paraneters. Bonding paranmeters, however, are not allowed to be

out si de of the appr GVRSANYSPBEREFCTHINFIHES 1T hmdmgéaﬂ%u%eé for fings¥irglfonging et i vi ty

as the Dandl iguelfGesPodhiby BoadieBRSSiANEdIARk S oRAANAAASE ovELinE BRTEDEE,

addi ti onal expense is incurred 15 as a |arger” nunber of tools than necessary
are used. thesapilgiynat i on bui |l d-up and accel erated wear linit the useable tinme
for conventional ceram c-based tools (e.g. Alum na, Zirconia toughened

Alum na, Zirconia, cenented glogRgRANSFAIHgENGh¢TION N W re bondi ng
applications. Adhesion of organic-derived carbonaceous naterial and the

subsequent enbeddi NQyirdbdnifgGRRPARAGROME dFBInBtnRth i usBB R khd ifiteRBAket§drT from
the 20 bonding w re causes unsynnetrlcal Ioadln? of the tool and eventually
O

| eads to AERIEGHMuEAT-bFsed deyices- ol the Wise hadle influsthio foob{zilpredsais 4p the pTAPn ofhe

car bonacegiseARbdcRt dev&e%%qﬂa@oﬁ%c&@%v}@&tcwamcé ?mﬁérqﬁfémsl rofprdem O f
(EFO, for ball fornation) Fetro eum and_steara based material s

typi cal | ytoopfailuess; tegls 2 @(W&edmu agly dripio thepresicdedfane pbBilvisg of the wire.
Enhanced surface wear is alsg caused due to the localization of. bonding
forceddto a poi nt | o0& Vs PPRENE prefest idefined by the “Process Window,” which is the range

of parameters that the bonding machine is qualified to operate within. To maintain bond quality,
adjustments must be made to the bonding parameters. Bonding parameters, however, are not
allowed to be outside of the épproved process window. This leads to a loss of productivity as the
bonding process must be stopped and tools exchanged. Furthermore, additiona;‘lvexpense is incurred

15 as a larger number of tools than necessary are used.

Contamination build-up and accelerated wear limit the useable time for
conventional ceramic-based tools (e.g. Alumina, Zirconia toughened Alumina, Zirconia, cemented
Tungsten Carbide, etc.) in wire bonding applications. Adhesion of organic-derived carbonaceous
material and the subsequent embedding in the carbonaceous material of metallic particles from the

20  bonding wire causes unsymmetrical loading of the tool and eventually leads to mechanical failure of
the bonding tool by flexural bending. The carbonaceous material is produced by the action of the
Electric Flame Off (EFO, for ball formation) on the petroleum and stearate-based materials typically
placed on the wire surface to improve de-spooling of the wire. Enhanced surface wear is also

caused due to the localization of bonding forces to a point load on the tool face.

25 U.S. Patents 5,871,141, 5,558,270, and 5,421,503 assigned to the same assignee as
the present invention, describe various conventional bonding tools for producing wire bonds on

semiconductor devices and are incorporated herein by reference.



25 U S. Patents 5,871, 141, 5,558, 270, and 5, 421,503 assigned to the sane
assignee as the present invention, describe various conventi onal bqqqu%mw
tools for producing wire bonds on sem conductor devices and are

i ncorporated herein by reference. 14 JUL 2005 -2 SUMVARY OF THE | NVENTI ON
In view of the shortcom ngs of the prior art, the present invention relates
to a bonding tool having an orifice extending along a |ongitudinal axis of
the tool body, a working tip coupled td one end of the tool body, and a
pol ymer coating di sposed over at least a portion of a 5 surface of the

orifice. The present inventsoNhRY oETEEESVERTEONEL hod of manufacturing a
bondi ng tool for bonding a fine wwre to a substrate, conprising the steps

of formng a cyli mgyiewatthbekhticom@iztbNle priorlaRP@E pRberd idvehtsdn rEl8es #fa t he body,
formng an orifice extending along a | ongitudinal axis of the body and

coat i ngbedinetier) pavipg # onfise EXtersing dengxJonFyting axis of fsrtAeibody dararkipg tip he

present cduBle@Rd bi¥Nbnd af th fod bda9adrdtholyineil c&4¥ag fposad O at REst & Yorkiss 6f LT t he
orifice and a second coating Is disposed al ong an exterior surface of the

bondi ngs¥ies of tBRPEEEDESCRI PTI ON OF THE DRAW NGS The invention is best
understood fromthe follow ng detail ed description when read 15 in
connection with tABE HEEBHBETFPR alseirelatis ie a method pEmapprtaineabopfiae toobE or di ng
to CO”“PJhdir@a&ﬁIe'v&iﬁytoE%sﬂﬁé,'c@h&%ﬁiiﬁ?ﬁh@@@ﬁs &ffoﬁrﬁﬁ% e 868, Rhing@ scal e.
On the contrary, the dinensions of the various features are arbitrarily
expandedPBret ¢ Sttiendcpf thsibody. dermine an epiics Geanding aleng adpagiidgabad afthe bofy| | owi ng

Fi gur esandfo8tingkhé Bod® weth@SlyeRet | onal view of a conventional bonding tool; 20
Figs. 2A-2B are cross sectional views of a bonding tool according to a first

exenpl ar ?/ enbodi n?a&or%ﬁg témoméxeﬁﬁm of tﬂ?s(gt_féwnﬂiﬂirexﬁbﬁ,%- ﬁr@tgcoaﬁlgaiﬁ @isFdseS S
sectlon V| ews o ondl ng_.too ccQradl to secon
Song tlhe surface ofathe ornifice agd 2 secon coagng 1S I31%posed g\ong an exterior surface of the

bonding tool.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description when read
15  in connection wi.th the accompanying drawings. It is emphasized that, according to common
practice, the vaﬁ?ous features of the drawing are not to scale. On the contrary, the dimensions of the
various features are arbitrarily expanded or reduced for clarity. Included in the drawing are the

following Figures:
Fig. 1 is a cross sectional view of a conventional bonding tool;

20 Figs. 2A-2B are cross sectional views of a bonding tool according to a first

exemplary embodiment of the present invention;

Figs. 3A-3B are cross sectional views of a bonding tool according to a second

exemplary embodiment of the present invention;

Fig. 4 1s a graph plotting the effect the exemplary embodiment of the present

25  invention has on bonding force;

Fig. 5 is a graph plotting the effect the exemplary embodiment of the present

invention has on bond power;

Fig. 6 is a graph plotting the effect the exemplary embodiment of the present

invention has on bonding ball size;

30 Fig. 7 is a graph plotting the effect the exemplary embodiment of the present

invention has on bonding ball size ratio;



exenpl ary enbodi mrent of the present invention; Fig. 4 is a graph plotting
the effect the exenplary enbodi ment of the present 25 invention hag,qgl 2005
bonding force; Fig. 5 is a graph plotting the effect the exenplary

enbodi nent of the present invention has on bond power; Fig. 6 is a graph
plotting the effect the exenplary enbodi nent of the present invention has
on bonding ball size; 30 Fig. 7 is a graph plotting the effect the exenplary
enbodi ment of the present invention has-8n bonding ball size ratio; 14 JUL
2005 -3 Fig. Sis a graph plotting the effect the exenplary enbodi nent of

the present inventi %% ?ﬁsavé}%ﬁgﬁ@tqn?% e%mceﬁerglblal emb%gﬁl?elht gﬂfxggr[e%{t

area); and Fig. 9 is strating a coating process according

t o an exenjnvention hendrosindearformfnde{ge.pshezdoce/bmysrd)i od. 5 DETAI LED DESCRI PTI ON
OF THE | NVENTI ON To overcone the aforenenti oned deficiencies, a polyner
coating, such as par ¥igehe a flov deptolittetngancaatineg woeessageomingdo bo aekindery ool .

Thi s surface, ¢ i i reduce the adhesi on of contam nants, such
as Car bon, &&@%;ﬁéﬁ&@%%é?re@e%ﬁ{ﬂgﬁtﬁe Cal cium Iron, Sulfur, Beryllium Oxides,

Nitri de5s etc., tothe s ﬁ@m@%ﬁﬁggwg P gﬁlmﬁﬂﬂ’éﬂy i ncreasing the

time to failure and stab I'zI'ng he wre ng process w ndow. It is

cont el at ed that 't e GoatAGkid et AAA ARSI A il AHGER-DORA! N0

tool although the coating may af e appli ous y uce ondi ng
tools if dizsiepmided ¢i the surfacd of aebqndmgsoqi eﬂus surfekce vaatng wifowdao reduet the adtiesion of

bondi 0 . _ ¥
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end 106 of Nttnchds, aOOtotth:e sndedei af ghet iopdih@ 2ol Abepebrydnangpsing the timeoto fathowmd stadilizing
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wre is
produced bonding tool although the coating may also be applied to previously produced bonding

tools if desired.

Fig. 1A is a cross sectional view of a conventional bonding tool 100 and Fig. 1B is
an enlarged cross sectional view of working tip 102. In Fig. 1A, tool 100 has an orifice 104 that
15 extends from the end 106 of tool 100 to working tip 102. A bonding wire (not shown) is inserted
into orifice 104 and exits through working tip 102. As the bonding wire is pulfed through orifice
104, it contacts surfaces 108 and 110 (shown in Fig. 1B) depositing contaminaﬁts thereon and wears

away the unprotected surfaces of tool 100.

Fig. 2A is a cross sectional view of a bonding tool according to a first exemplary

20  embodiment of the present invention. In Fig. 2A, bonding tool 200 has coating 220, 222 deposited
on the exterior and interior surfaces, respectively, of bonding tool 200. The coating 220, 222 may
be the same or different as discussed in detail below. In an exemplary embodiment, the coating 220,
222 may be a polymer, such as parylene or polycorbofluoro for example. In an exemplary
embodiment, the coating may have an average thickness of up to about 2.0 microns. In a preferred

25  embodiment, the thickness of coating 220, 222 is about 0.1 microns. The invention is not so limited,
however, in that another thickness of coating 220, 222 may be used based on the particular
application. As shown in greater detail in Fig. 2B, coating 220, 222 also protects the surfaces 226,
224, respectively, where the bonding wire (not shown) has the greatest contact. Furthermore, since
the polymer coating 220, 222 has an electrical isolation properties, it may also be used as an

30 insulator for conductive capillaries. In addition, the inclusion of a polymer coating 222 on the
interior surface of bonding tool 200 may reduce the drag force of the bonding wire as it passes
through the bonding tool 200.



104, it contacts surfaces 108 and 110 (shown in Fig. 1B) depositing
contam nants thereon and wears away the unprotected surfaces of te ?UU@Q@E
Fig. 2Ais a cross sectional view of a bonding tool according to a first
exenplary 20 enbodi ment of the present invention. In Fig. 2A, bonding tool
200 has coating 220, 222 deposited on the exterior and interior surfaces,
respectively, of bonding tool 200. The coating 220, 222 may be the sane or
different as discussed in detail below-1n an exenplary enbodi ment, the
coating 220, 222 may be a polymer, such as paryl ene or polycorbofluoro for
exanpl €. 11 an exggpleafMRadlfE Binadd16olC Ak ROl EY R AR RUREA0E
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di - Para ¥ par ac ane or exa
15  those of skill in the art that deposition of the coating may be accomp]ished by various methods of

1)

vapor deposition including chemical vapor deposition (CVD), physical vapor deposition (PVD) and
their variants. Additionally, the bonding tool may be coated by immersing the bonding tool in a

coating material.

Fig. 3A is a cross sectional view of a bonding tool according to a second exemplary
20  embodiment of the present invention. In Fig. 3A, bonding tool 300 has coating 320 deposited on a
portion of the interior surface of bonding tool 300. As shown in greater detail in Fig. 3B, coating
320 is placed on the surfaces where the bonding wire (not shown) has the greatest contact. It is also
contemplated that the coating may be placed on any combination of interior and/or exterior surfaces

of the bonding tool as desired.

25 It is further contemplated that the coating may be either a soft or hard coating in any
combination, such as a hard coating 220 on a exterior of the bonding tool and a soft coating 222 on
an interior of the bonding tool, or visa versa. Use of a hard coating 220 on the exterior of the
bonding tool 200 may increase the wear resistance of the bonding tool, especially along portion 226,
which comes in contact with the surface of the bonding pad (not shown) during the bonding process.

30  Whereas, using a soft coating 222 on the interior surfaces of the bonding tool 200 tends to reduce
the drag force of the wire as it passes through the bonding tool. Examples of such hard coatings are
Amorphous Alumina and Si;N,. Examples of such soft coatings may be Polymers (i.e.,
Polyolefines, Polyparaxylylenes, Floropolymers, etc.). |



10 Step, 906, the tool is then subjected to pyrolesis at about 690 and 0.5
torn to produce a precursor nononer of para-xylylene for exanple. HU?t
908, deposition of coating 220, 222 such as Poly- Para- Xyl yl ene foﬂ exa#@ﬁe
is perfornmed at about anbient tenperature (25C for exanple) and about 0.1
ton of chanber pressure. This exenplary process deposits a substantially
uni form continuous coating 220, 222 on tool 200 having a thickness of
about 0.1 micron. It is understood by 15 ifhose of skill in the art that
deposition of the coating may be acconpli shed by various met hods of vapor

deposition includin h cal . va eposi tion hysi.cal or
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interior and/or ext rior surfaces t he bond ng to desi 25 Lt is
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in any ceqdiirbast @thdowWsBusadi BoMaFdhuERatépldeRetl) Afer BbdRX 8®Y,000boalls.te bondi ng
tool and a soft coating 222 on an_interjor of the bonding tool, qr visa
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portion 2 which comes in contact with the surface of_the bondlngwpad

(not shomﬂvaml?fgeaﬁ%el’ pioid rlag shoris tleat the Idpoffhesrienplaryardipedodds timesidvicag 222

on the i nt@k bPhe SHKVeBEER] Whdahpeobondi ng tool 200 tends to reduce the drag
force of the wire as it passes through the bondi ng tool. Exanples of such

hard coatings are Ag bogtaplﬁéoorﬂmama@;fe&losmepo@ﬁarwaﬁrsga{th@vasﬁmﬁg);ﬁdwer

coati ngs ¥ be Pol ners [ yol efi nes,  Pol ypar axyl yl enes
FI or opol yfeF; Séb%m)dma@st EJEfeze@sof th@sbcmagé?ql Wetaésfp%ﬁ tq e né‘%é‘?ﬁﬂf hprded 3lirotrer
coating i Rnd MRLBWIRYistthEodnBink BB drirt §hirdeb form the bonds. Plot 502 is a linear representation

of points 503 plotted for the conventional bonding tool. As shown, plot 502 increased significantly
as the number of bonds increase. By contrast, plot 504 is a linear representation of points 505
plotted for a bonding tool according to the present invention. As shown, plot 504 shows a negligible

increase in bonding power as the number of bonds increase.

20 In Fig. 6, graph 600 plots the effect of the polymer coating on the bonding ball size.
In Fig. 6, the ordinate is the life span of the bonding tool with respect to the number of bonded wires
and the abscissa is the average bonding ball diameter. Plot 602 is a linear representation of points
603 plotted for a conventional bonding tool and plot 604 is a linear representation of points 605
plotted for a bonding tool according to the present invention. As shown, not only is the average ball

25  diameter for the convantional bonding tool initially greater that that of the exemplary bonding tool,
the rate of increase in average diameter is greater that the exemplary tool. This increased diameter

may effect the bonding process as the density requirements of the industry increase.

In Fig. 7, graph 700 plots the effect of the polymer coating on the bonding ball size
ratio. In Fig. 7, the ordinate is the life span of the bonding tool with respect to the number of bonded

30  wires and the abscissa is the bonding ball size ratio. Plot 702 is a linear representation of points 703
plotted for the conventional bonding tool. As shown, plot 702 decreases significantly as the number
of bonds increase. By contrast, plot 704 is a linear representation of points 705 plotted for a bonding

tool according to the present invention. As shown, plot 704 shows a negligible change in the ball



stability of the wire bonding process is illustrated in Figs 4-8. Referring
to Fig. 4, graph 400 is illustrated. In Fig. 4, graph 400 plots tpf J&f fRst
of the polymer coating on the bonding force. In Fig. 4, the ordinate 1s the
life span of the bonding tool with respect to the nunber of bonded w res and
5 the abscissa is the bonding force required to formthe bonds. Plot 402 is
a linear representation of points 403 plotted for a conventional bonding
tool. As shown, plot 402 increases sighificantly as the nunber of bonds

i ncrease. Plot 402 also shows that the bonding tool fails (that is, falls

t si de. of dow di d ab I t ft
o g i B ST R, SRS LR LR RELBRRET), o

poi nt s vhdbmfitycdftbeddih@balia nhag beladdfeve@ol according to the 10 present invention.
As shown, plot 404 shows a negligible increase in bonding force as the
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t he conventional bonding tool initially greater that that of the exenplary
bonding tool, the rate of increase in average dianmeter is greater that the
exenplary tool. This increased dianeter may effect the bonding process as
the density requifenents of the industry increase. In Fig. 7, graph 700
plots the effect of the polymer coating on the bonding ball size



ratio. In Fig. 7, the ordinate is the life span of the bonding tool wth
respect to the nunber of bonded 30 wires and the abscissa is the l? r’ngl_r@
ball size ratio. Plot 702 is a |linear representation of points 703 EI t (§
for the conventional bonding tool. As shown, plot 702 decreases
significantly as the nunber of bonds increase. By contrast, plot 704 is a
i near representation of points 705 plotted for a bonding tool according to
the present invention. As shown, plot 784 shows a negligible change in the
ball- 14 JUL 2005 -6 size ratio as the nunber of bonds increase. Thus, by
usi ng the exenplary bonding tool, greater wuniformty of bonding balls may
be achieved. In Fig. 8, graph 800 plots the effect of the polynmer coating on
the shear force per unit area requicLedveco break a bond. In Fig. 8, the
ordinate is the life span of the bonding tool with 5 respect to the nunber
of bonded wires and the ,abscissa is ,the shear_force. Plqt 802 i | i,near
representation of “poi nt & §6§5=619§109260’f o {'RE %%%ﬁ? iaosr'rgfs%%ﬁdi"ﬁa%toggmg As
shown, pd@thdBOAgdebbeasdid aswdmenqtiplieupidd bords &nerogase,bddgraty

indicating that the bonds becone weaker as the bonding tool is used. By
contrasf?'g\zﬂrbstm%04 is a linear representation of points 805 plotted for a
bondi ng tool according to the present invention. As shown, plot 804 shows a
si ght increase inahedficé excendiBgragug redngirubireskeras bonte aodyhenaunder of
bonds increase.. Al though the invention has_ be descri.bed.with reference to
oxerp aPy CEoHa A T &R 2 FohfRal PRItih BR0A T anG WEEHRGrP 1 Hal appended
claims should be construed to include other variants and enbodi nents of the
i nvention whi ch neypbly madecdtyng Hepesskioviegdbtilnashe martionwdt owwn-delyararicng

from t hg, kL Le hEi, rﬁ{éj f present invention. 14 JUL 2005 -7
CLAI VEB: bondidzghtéoctc?l or g%ﬁiﬁgthgh(\?rvi'%'to a Substrate, the bonding 7 vy

tool having a body and ac¥enkingohbhLINIREFOANGND @BANOE, WAerdadye and
coating extends along an entire length of the orifice.

-

3. A capillary bonding tool according to claim 2, wherein the
coating is applied to at least a portion of an exterior surface 'of the working tip.

4. A capillary bonding tool according to claim 1, wherein the
coating is disposed over at least & po?tion of an exterior surface of the working tip.

5. A capillary bonding tool according to claim 1, wherein the
cozating is disposed over an exterior surface of the working tip and the body.

. 6. A’capillary bonding tool according to.claim 1, wherein the
coating is at least one of i) a polymer, ii) an Alumina, iii) SisN, iv) silica v) 3
- combination of 12% silica and 88% Alumina, and vi) 2 Diamond like carbon
(DLQ).

7. A bonding tool for bonding a wire to a substrate, the bonding
tool having a body and a working tip coupled to one end of the body, and

comprising:



conprising: an orifice extending along a |ongitudinal axis of the body and
the working tip and having a conical portion adjacent the working tip; and
a pol ymer coating di sposed over at |east a portion of a non-pol ymetduL 2005
surface of the conical portion of the orifice. 2. A capillary bonding tool
according to claim1, wherein the coating extends along an entire |ength of
the orifice. 3. A capillary bonding tool according to claim?2, wherein the
coating is applied to at |east a portBen of an exterior surface of the
working tip. 4. A capillary bonding tool according to claim1l, wherein the
coating is disposed over at |east a portion of an exterior surface of the
working tip. 5. A capillary bonding tool according to claim1, wherein the
coating is disposed over an exterior surface of the working tip and the
body. :.6. A capi bhajryfidosgiatgit@eloraceosdgingdina! eka of the hey éint thee

coating is.at |east one of i) a polyner, il n Al um na, ..iii i 3N4 iv)
silicaW§rdne éb%ﬁl‘ﬂd}%%&ﬂ?)@rcéi%;@g??%@& %‘?ﬂa%@@&?&? G’Yﬁrrl{‘g?g ghd a3/n| a Di anond

l'i ke carbon (DLC). 7. A bonding tool for bonding a wire to a substrate, the
bondi ng tool haviengatinkodypasdc avepikiewstta pocooploéad tongrey eTel QFuriIe
body, agq cqurisiqq: 14 gUL 2&05 an orifice extending along a

| ongi t dith&I CANFE B {HEObHYS CRHESt he working tip_and having a coni cal
portion adjacent the working tip; and a coating disposed over at |east a
portion of a non-wperymericsosafiagés agfolymer cispasd plong @n infertdieSUsrachi®e,

wherein the.coati is a.polyner .disposed along.an.i I Of: 268 20f the
orifi céhﬁn%"éﬁeeBBEg%e gﬁ'&ﬂﬁa'n?'i@ & M',"?{gﬂﬁ%‘s'\(f%?g,n%%%gg con’gi/g}ati on
of 12%silica and 88% Alumina, and v) a Diamond like coating (DLC) disposed along an

exterior portion of the orifice.

8. A capillary bonding tool according'to claim 1,

wherein the coating has a substantially uniform thickness.

9. A bonding tool for bonding a2 wire to a substrate, the bonding
tool having a body and 2 working tip coupled to one end of the body, and
comprising:

an orifice extending aloh'g a longitudinal axis of the body and the
working tip and having a conica! portion adjacent the working tip; and

a polymer coating disposed over at least a portion of @ non-polymeric

surface of the conical portion of the orifice,

wherein the coating has a substantially uniform thickness of up to
about 2.0 microns.

10. A capillary ‘bonding tool according to claim 1, wherein the body

of the bonding tool has a substantially cylindrical shape.

- - 11. A capillary bonding tool according to claim 1, wherein the
coating Is one aof polyolefine and parylene.

o 12. A capillary bonding tool according to claim 1, wherein the
cosating is formed by vapor phase deposition.



silica and 88% Alum na, and v) a Di anond |ike coating (DLC) disposed al ong
an exterior portion of the orifice. 8 A capillary bonding tool g@ qMﬁg
to claiml, wherein the coating has a substantially unlforn1th|ckh E

A bonding tool for bonding a wire to a substrate, the bonding tool having a
body and a working tip coupled to one end of the body,, and conprising: an
orifice extending along a |ongitudinal ﬁxis of the body and the working tip
and having a conical portion adjacent the working tip; and a pol yner coating
di sposed over at |east a portion of a non-polyneric surface of the conical
portion of the orifice, wherein the coating has a substantially uniform

t hi ckness of up to about 2.0 mcrons. 10. A capillary bondi ng tool

according to clalml.  whecsiBrt enbAtly oledeahend ngihool whased e

substantially cylindrical capillary~b ing t'ool according to
cl ai m 1S0aiHet & rorihed hyoene v qhsrmﬁel \FHP QI8 efio M@ gheNpaEyl eaRor 12. A
capi | | aggphgndhng tool according to claim1, wherein the coating is fornmed
by vapor phase deposition. 14 JUL 2005 -9 13. A capillary bonding tool
according to claim1l, wherein the coating is formed by one of chem cal

vapor deposition and physhsakry8BRENAIRRISIhAngl ciafinaPlbEAEY thondi ng

tool according to claiml1, wh coat ormed by I mmersing the
bondi ngAEBIS 15T e ek biyrg WEf EPBahe bsding ﬁ@@h@da sPafaguia@éelel ng a

capillary bondi ng tool for bonding

15. A method of manufacturing a capillary bonding tool for bonding
a fine wire to a substrate, the method comprising the steps of:

forming a2 cvlindrical body;
forming a taper at a first end of the body;

forming an orifice extending along e longitudinal axis of the body;

coating at least 2 non-polymeric portion of the orifice with a polymer.

16. The method according to claim 15, wherein the coeating step
forms s substantially uniform continuous:coating having a thickness of up to about
2.0 microns.

17. The method according to claim 15, wherein the coating step
forms & substantially uniform continuous coating having a thickness of at leest

about 0.1 micron.

18.  The method according to claim 15, wherein the coating step

comprises the steps of:

forming & precursor monomer &t a first temperature and s first

pressure; znd

forming the coating from the precursor monomer at a second

temperature and pressure.



a fine wwre to a substrate, the nethod conprising the steps of: formng a
cylindrical body; formng a taper at a first end of the body; form ng an
orifice extending along a |ongitudinal axis of the body; and coat#ngung5

| east a non-polyneric portion of the orifice with a polyner. 16. The nethod
according to claim15, wherein the coating step fornms a substantially

uni form conti nuous coating having a thickness of up to about 2.0 mcrons.
17. The method according to claim15]l0wherein the coating step forns a
substantially uniform continuous coating having a thickness of at |east
about 0.1 mcron. 1 B The nethod according to claim15, wherein. the
coating step conprises the steps of: formng a precursor nononer at a first
tenperature and a first pressure; and formng the coating fromthe

precursor nononer, At areEH ot RTBRERLUW L RG PE ewhbFan 14 JUL 2005 10 1g.
The met hod accordll ng to claim 18, wheréin the Tirst tenperature is about

6900C , the firstnprpssts @ ics:aPOUL B 0Dt tqidac the second tenperature is
about 250C, and the second pressure is about 0.1 torr. 20. The nethod

according to claim ¥t WhedKrB it B8 oPE @cyrigef, nononer is formed froma
di - Par a- Xyl yene di nner vaporized at about 1500C and

the second temperature is about 25°C, and
the second pressure is about 0.1 torr.

20. The method according to cleim 1g, wherein the precursor
monomer is formed from a di-Para-Xylyene dimer vaporized at about 150°C and
about 1.0 torr followed by a pyrolesis at about 690°C and about 0.5 torr.

21. The method according to claim 15, wherein the capillery is
formed by i) one of direct ceramic dye pressing and ii) injection molding, and
machined to a final shape by one of i) grinding and ii) Electro discharge machining.

22. A bonding tool for bonding a wire to a substrate, comprising:

3 body portion;
3 working tip coupled to one end of the body;

an orifice extending along a longitudinal axis of the body and the
working tip;

a first coating disposed over at least @ non-polymeric portion of 2
surfece of the orifice; and

a second coating disposed over at least a portion of an exterior
surfece of the body.

23. A cazpillary bonding tool according to claim 22, wherein the first
coating is 3 polymer and the second coating is other than @ polymer.

24. A capillery bonding tool according to claim 23, wherein the

second coating is one of an alumina and SisN,.

25. A method of manufacturing a capillary bonding tool for bonding

a fine wire to & substrate, the method comprising the steps of:



about 1.0 torr followed by a pyrolesis at about 6900C and about 0.5 torr.
21. The nethod according to claim 15, wherein the capillary is forned by 1)
one of direct ceram c dye pressing and ii) injection nolding, and ”ﬂﬁﬂhﬁ d
to a final shape by one of i) grinding and ii) Electro discharge ke g.
22. A bonding tool for bonding a wire to a substrate, conprising: a body
portion; a working tip coupled to one end of the body; an orifice extending
along a longitudinal axis of the body apg.the working tip; a first coating
di sposed over at |east a non-polyneric portion of a surface of the orifice;
and-a second coating di sposed over at |least a portion of an exterior

surface of the body. 23. A capillary bonding tool according to claim 22,
wherein the first coating is a polyner and the second coating is other than -

a polyner, 24 . A ' di. orqygg [ L the
second coating i ngﬂﬁ!r@r %#rﬁﬁ%é%&n@ﬁgj gﬁgﬁf .'t‘kﬂrr}%l %gg) %f?bh%ﬁﬁdé@?u” ng
a capi ltbatyy bonding tool for bonding a fine wire to a substrate, the nethod
conprising the steps of: 14 JUL 2005 ->> forming an orifice extending al ong
a longitudinal axis of the bonding tool; coating at |east a non-polyneric
portion of the oricbbtegwttihast paloyeplymemd pooaen g the dréfacst withpapplyonerof an
exteri g, purface of the bonding tool wth a non-polyner coating.

coating at least a portion of an exterior surface of the bonding tool
with @ non-polymer coating.



